Communities differ in both the bundle of amenities offered to residents and the implicit price of these amenities. Thus, households are faced with a choice of which bundle to select when they select their residence. This choice implies households make tradeoffs among the amenities; that is, the amenities are substitutes or complements. We focus on estimating the demand for one of the most important amenities --public school quality. We use transaction prices from the housing market and the hedonic house price model to generate the implicit prices of community amenities. The median voter model is used to estimate the income and price elasticities of demand for educational quality. We find that the own price elasticity of demand for schooling is about -0.5 and the income elasticity of demand is about 0.5. New findings include estimates of a set of cross-price elasticities of demand for school quality. We find that a community's income level, percentage white households, and level of public safety are substitutes for school quality. 
INTRODUCTION
Estimating the demand for education is an important topic in economics.
Primary and secondary education is an investment by parents in their children, and highly-educated children enter the labor force with higher human capital. A number of studies have investigated the determinants of the demand for schooling (Rubinfeld 1977; Jud and Watts 1981; Reid 1990; Brasington 2000) . Surveying the literature, Reiter and Weichenrieder (1997) report that estimates of own price elasticities of demand for school quality generally range from -0.20 to -0.40. Bergstrom et al. (1982 Bergstrom et al. ( , p.1199 ) report a range of -0.25 to -0.50. Previous studies generally find income levels to be positively related to the demand for public schooling. Cross-elasticities of the demand for school quality with other community attributes have not been reported.
Our study furthers the empirical investigation of the demand for education, and it relies on information gathered from the housing market to specify the prices of local amenities. The most often used approach to estimate the demand for public school quality is through the median voter approach. A key requirement is that the price of educational quality be observed. We use the hedonic house price model (Rosen 1974) to determine this price, this approach feasible because public school quality is generally found to be an important determinant of the variation in house prices among communities (Haurin and Brasington 1996; Hite, et al. 2001; Downes and Zabel 2002; Figlio and Lucas 2004; Brasington and Haurin, 2006 ).
The hedonic model also can be used to measure the implicit prices of other local amenities and thus it allows us to estimate various cross-price elasticities of demand for school quality.
We find that the own price elasticity of demand for public schooling is about -0.5, the tax elasticity of demand is smaller, about -0.2, and the income elasticity of demand is 0.5. We estimate what appear to be the first measures of the crossprice elasticities of demand between public school quality and other neighborhood attributes. Specifically, we find that school quality and living in high-income neighborhoods are substitutes, with a cross-price elasticity of about 0.2. A similar result is found for the cross-price elasticity with respect to the percentage white households, while the elasticity with respect to changes in the price of public safety is slightly smaller.
THE MEDIAN VOTER APPROACH
A common approach to estimating the demand for a local public good or service such as the quality of public schools is the median voter model, whose empirical origins trace back to Bergstrom and Goodman (1973) . In this model, the median voter is assumed to be decisive in determining a community's consumption of a local public good or service. The median voter's demand for quality public schooling is assumed to be a function of the price of schooling in a community and the median voter's characteristics such as income.
1 The demand for schooling should also be a function of the prices of other local amenities, thus incorporating substitutes and complements into the choice.
Often, data measuring the median value of household characteristics are available for local jurisdictions. Measures of the price of schooling are more difficult to identify, with the local tax price being the most common measure. However, it has long been recognized that the price of owner-occupied housing is influenced by the value of local amenities, including school quality and the level of safety, as well as community characteristics such as the level of income and the percentage of households that are white. Households, when making their locational choice, are clearly affected by the implicit market prices of these characteristics. Thus, while a household may prefer a locality that offers high quality public schools, that community could have high local taxes and/or a relatively high price of housing due to capitalization of school quality. The levels of other community attributes also are likely capitalized into house prices. A household thus must make tradeoffs among various bundles of local amenities, with each amenity priced in the housing market.
Through the hedonic price model these implicit prices can be estimated. The availability of these implicit prices allows us to measure the own and cross-price elasticities of demand for schooling.
For example, consider a family with children that has a strong preference for high educational quality. To achieve a good outcome for their child, they prefer localities with good schools, but also value a safe environment, and perhaps good peers for their child. These preferences will induce demands for local amenities, but if the amenities' relative prices vary across communities, the household will substitute among them when maximizing utility. Whether safety and public school quality are substitutes or complements must be estimated empirically, with similar questions about the relationship of the demand for education and the income and racial composition of a community.
Does the rate of local amenity capitalization vary spatially? Brasington (2002) found that there is an inverse relationship between the elasticity of housing supply and capitalization rates. Specifically, he found that the capitalization of schooling and crime was weaker toward the edge of an urban area where housing supply elasticities and developer activity are greater. Thus, the "entry price" into a community offering a particular bundle of schooling and other amenities varies over space not only because the bundle differs but also because the implicit prices of a community's amenities differ. Goldstein and Pauly (1981) The median voter model to be estimated takes the following form:
where s is school quality in the k-th community, y is median income, τ is the tax price, p i=s is the own price of school quality, the other p i are other goods' prices, and z is a matrix of controls suggested by RSR (1987) to mitigate Tiebout bias. 2 In our analysis of substitutes and complements for school quality, we focus on community-level attributes such as community safety, income, and racial composition. In general, a household has the choice of many types and sizes of houses within a community and thus it need not face tradeoffs between school quality and house characteristics.
Using the hedonic price model, we derive implicit prices of housing attributes including those of the community such as school quality. The price function's form is:
2) ln e Hjk = βΛ jk + δΦ k + ε jk , where the j-th household's expenditure on housing is e Hjk, k represents the community selected by the household, Λ is a vector of house and lot characteristics, Φ represents community characteristics, and ε jk is the error term.
Following Brown and Rosen (1982) , we use 2) to calculate the implicit prices p 1 , p 2 ,...p n of the components of housing. 
DATA AND IMPLEMENTATION
The primary source of data for the hedonic house price regressions is a record of single family home purchases that occurred during 1991 in Ohio (Amerestate 1991) . We focus on non-farm urban properties and thus any house with lot size greater than two acres is deleted. Houses that transact at prices above $400,000 ($1991) are deleted as being unrepresentative, and houses that transact for less than $10,000 are deleted because they likely are either uninhabitable or a gift between family members. In addition, properties that are outliers in square feet of housing and garage size are deleted. The form of the median voter equation is specified in 1). The dependent variable is the natural log of the school quality measure. Explanatory variables include the community's median household income, the tax price of local public goods 5 , the own price of school quality, the prices of other community attributes, and the set of RSR variables to capture the sorting of residents to desired public service levels. The RSR variables are a central city dummy variable and the proportion of new residents. The central city dummy variable represents the resident's lack of choice among public good bundles; people may sort to central cities for reasons not related to public good bundles, such as access to work is more convenient or they face discrimination. The proportion of residents who have lived in the community for less than six years is chosen to represent newcomers.
Because newcomers have moved in recently, the level of public services provided is probably similar to the level that induced the residents to move to the community.
RESULTS
Means for the variables used in the demand estimation are presented in Table 3 and the regression results are shown in Table 4 . Nearly all of the variables have statistically significant parameter estimates.
[INSERT TABLES 3 AND 4] Table 4 shows that the estimate of the price elasticity of demand for school quality ranges from -0.56 to -0.53 in the two specifications. The implication is that that greater the extent that school quality is capitalized into house prices, the lower the median voter's demand for schooling. Households also pay for school quality through local taxes and higher taxes generate a demand response with elasticity estimates ranging from -0.05 to -0.11. Prior studies found tax price elasticities of demand for schooling between -0.20 and -0.40; however, they did not also control for the impact of school quality on house prices (Reiter and Weichenrieder, 1997) .
The median voter model also yields an estimate of the income elasticity of demand for public school quality. We find the two estimates are 0.46 and 0.57, higher than that found all previous studies except Jud and Watts (1981) , who find an income elasticity of 0.70.
Our study is unique in that it analyzes the complements and substitutes for public schooling consumption. Our hedonic house price estimates indicate that high income in a community is valued as an amenity and it increases the price of housing. We also find that the quality of public schooling in a community and the presence of high-income neighbors are substitutes. The magnitude of the effect is relatively small, though, with elasticity estimates ranging from 0.18 to 0.20. We also find that public schooling and public safety are substitutes. Again, the elasticity is small, the estimate being 0.14. Finally, we find that public school quality and racial composition are substitutes, with the cross-price elasticity estimate being 0.14 to 0.16.
CONCLUSION
Voting models argue that the demand for public goods and services can be determined from the choice of the median voter in a community. Communities differ in the cost to households of local public goods due to variations in both the tax price and their market prices as revealed through variations in house prices, both within and across metropolitan areas. These variations imply that the median voter household must select among local amenity bundles. The demand relationships among the set of local public goods and services have not been estimated in prior studies. The cross-price elasticities with respect to public schooling are particularly interesting because of the importance of school quality in household locational choices.
The implicit prices of local amenities are generated from a hedonic house price estimation using Ohio data. The sample consists of house-level data drawn from a large number of communities in six MSAs. We use these prices to estimate own and cross-price elasticities of demand for public school quality. We find the price elasticity of demand for schooling is between -0.5 and -0.6 and the income elasticity of demand is about 0.5. The cross-price elasticity between public safety and school quality is about 0.15 suggesting they are weak substitutes. The crossprice elasticity between the percentage white in a community and the quality of public schools also is about 0.15. Finally, we find the cross-price elasticity of demand between school quality and a household's decision to locate in a highincome neighborhood is about 0.2.
These results expand our understanding of the choices made by households when faced with an array of implicit prices for a vector of local public goods. While the cross-price elasticities simply reveal empirical relationships among a set of goods, they are plausible. For example, if the price of safety in a locality is high, the median voter's demand for school quality rises. Good schools may be viewed as a substitute for a safe environment for children. Similarly, if highincome neighbors results in a good set of peers for children, then if the price of a high-income neighborhood is high (good peers are more expensive), the median voter's demand for public school quality rises. Again, the estimated relationship is reasonable. 
ENDNOTES
1 Data sets do not identify the median voter, so researchers must find proxies for the values of the explanatory variables of the median voter.
2 Rubinfeld, Shapiro, and Roberts (1987) show that household sorting can bias estimates of demand elasticities in both micro level and aggregate data. They identify variables that are likely to affect sorting but not demand (p. 432) such as the percentage of recent movers and a variable that indicates the amount of jurisdictional choice that is available. 3 The implicit prices are the partial derivatives of house price with respect to each house characteristic. Here they equal the coefficient of an explanatory variable multiplied by the house value. Recent examples of the calculation of the implicit price of characteristics from house price hedonics include Brasington (2000) , Beron, Murdoch and Thayer (2001) , and Brasington and Hite (2005) .
4 Dollar denominated variables are deflated (1991 base year) using cost of living estimates at the metropolitan statistical area level (ACCRA 1991 (ACCRA , 1992 . 5 The tax price is defined to be house value multiplied by the community property tax rate, divided by taxable property valuation per pupil. The taxable property value per pupil depends on multiple factors exogenous to the median voter such as the number of pupils in the community and the amount of nonresidential property.
